Objective(s) Monitoring and prevention of long-term nutrient deficiency after laparoscopic Roux-en-Y gastric bypass (LRYGB) remains ill defined due to limited surgical follow-up after bariatric surgery. This study compared nutrient supplementation as well as surgeon and primary care physician (PCP) follow-up between patients with short-term versus long-term follow-up.
Introduction
Bariatric surgery has become a common treatment for morbid obesity in the USA as evidenced by approximately 113,000 patients undergoing this weight loss procedure each year [1] . Rouxen-Y gastric bypass (RYGB) surgery is arguably more effective than other procedures for weight loss and comorbidity resolution [2] [3] [4] [5] [6] . While alterations in gut physiology following RYGB may induce endocrine mediated mechanisms that facilitate weight management and improved cardiometabolic health [7] , understanding of how nutrients per se impacts health remains poorly understood.Infact,long-termfollow-upinformerlymorbidobese high-risk populations on malnutrition, vitamin, and nutrient supplementation are lacking [8, 9] . This is clinically relevant as nutritional deficiencies occur in30-70%of patients andrequirechronic surveillance and nutrient replacement.
A number of studies have examined the short-term (i.e., less than 5 years) impact of macro and micronutrient deficiency following RYGB [9] [10] [11] [12] . Indeed, protein calorie malnutrition is a major concern and can be recognized by signs such as edema, hypoalbuminemia, anemia, and hair loss. Moreover, vitamin deficiencies are reported and can lead to peripheral neuropathy (folate, B 12 ),Wernicke encephalopathy(B 1 ), metabolic bone disease (vitamin D, calcium), and iron deficient anemia. These are clinically concerning since nutrient deficiency and malnutrition worsensovertime [13] .Asaresult,itiscommontoadvisepatients' post-RYGB to add multivitamin supplementation to their diet to prevent health complications. To date, however, no study has examined the long-term nutrient supplementation regimen of post-RGYB patients to understand potential nutritional needs over time. In addition, a majority of patients no longer follow-up with theirsurgeonorbariatricteamasdemonstratedbythe10-15%10-year follow-up rate [6, 14, 15] . This is potentially problematic for the metabolic health of the patient and may place greater medical care demand on other health professionals, including the primary care physician (PCP). But, whether patients seek more care from their PCP than surgeon is unknown. Therefore, the purpose of this studywastocomparemicronutrientsupplementationandmedical care visits for individuals at 2-and 10-year following RYGB. We hypothesized that fewer patients in the long-term group would receive nutrient surveillance and/or treatment, and patients would be more likely to see the PCP than their bariatric surgeon.
Methods Patients
A prospectively collected database approved by the Institutional Review Board (IRB# 17132) at our academic medical center of all patients undergoing weight loss surgery was queried for this cross-sectional analysis. We identified patients undergoing RYGB performed at our institution between 1/1/2004-12/31/2004 and 7/1/12-9/30/13 to understand short-term (i.e., 2 years) and long-term (i.e., 10 years) effects of RYGB on nutritional supplementation needs. Nutritional supplementation was used as an index for malnutrition screening. Our overall database included the patient name, patient phone number, age, sex, pre-operative weight, pre-operative comorbidities (e.g., type 2 diabetes, cardiovascular disease, etc.), and long-term nutrition and BMI. Electronic medical record (EMR) review was used to assess anthropometrics and clinical biochemistries and telephone survey data were obtained for patients lost to onsite followup. All subjects received nutritional counseling by a registered dietitian prior to hospitalization, and our nutritionists, psychologists, bariatric surgeons, and surgery teams cleared subjects for bariatric surgery. The RYGB procedure was previously described by our team [15] . All patients provided verbal consent and the IRB granted waiver of consent for medical record review.
Telephone Follow-up
Trained medical personnel followed a standardized phone script to call patients lost to onsite follow-up. Multiple attempts were made to contact patients on different days and times using all telephone numbers listed in their electronic medical record. If the telephone numbers listed were disconnected, an online people search tool (Intelius People Search, Bellevue, WA) was used to locate patients most recent contact information using publically available records such as census data, property records, and telephone records.
Anthropometrics
Height and weight measures were obtained on a calibrated scale and wall-mounted stadiometer at baseline, 2 and 10 years. Body mass index (BMI) was calculated as body mass (kg) divided by height (m) 2 . An ideal BMI of 25 kg/ m 2 was used for calculation of percent excess BMI reduction (%EBMI).
Health Care Professional and Blood Analysis
Subjective data on bariatric surgeon vs. PCP follow-up was collected through telephone survey. Routine blood work with or without nutrient testing was also captured from fasted samples through retrospective chart review. Blood work analysis included a complete blood count (CBC) defined as total white blood cells, red blood cells, hemoglobin, and hematocrit. Medication information was also collected as well as comorbidities.
Statistical Analysis
The primary outcome for this study was multivitamin supplementation at 2 and 10 years. Secondary outcomes included bariatric surgeons versus PCP visits by patient in addition to body weight and CBC. Statistical analysis was performed using appropriate parametric and non-parametric tests. Multivariate logistic regression was then used to identify independent predictors of multivitamin supplementation. A p value of <0.05 was used for statistical significance. SAS version 9.4 (SAS Institute, Cary NC) was used for statistical analyses.
Results

Pre-Operative Demographics
There were 281 patients undergoing RYGB in the 10-year follow-up group ( 
Nutrient Supplementation and Testing
Nutrient supplementation was significantly higher in the short-term vs. long-term group, including multivitamins (p = 0.05), iron (p = 0.02), and folate (p = 0.006) ( Table 2) . Although we observed no statistical difference in circulating zinc levels or the proportion of patients receiving vitamin B -1 2 o r v i t a m i n D s u p p l e m e n t a t i o n , c a l c i u m supplementation was higher in short-vs. long-term patients (p = 0.01).
Health Care Professional and Blood Analysis
Time since last surgeon follow-up was significantly less in the short-term vs. long-term group (13.3 ± 7.8 vs. 86.9 ± 39.9 months, p < 0.001), and there was no difference in the last PCP follow-up (3.1 ± 4.3 vs. 3.7 ± 3.4 months, p = 0.21). Additionally, the short-term group had a more recent CBC assessment compared with the long-term group (12.2 ± 6.2 vs. 33.2 ± 10.9 months p < 0.0001). The %EBMI was reduced more in the shortterm vs. long-term group (71.2 vs. 58.2 %, p < 0.001) ( Table 3) .
Multivariate Logistic Model
Using logistic regression, we controlled for time since surgery, %EBMI reduction, pre-operative comorbidities, as well as time since last PCP and bariatric surgeon visit to determine predictors of multivitamin use. Table 4 demonstrates the odds ratios for each predictor with time since the last bariatric surgeon visit being the strongest prognosticator (OR 0.97, p < 0.001). Both pre-operative GERD and %EBMI reduction correlated but were not predictive of multivitamin use. The model had moderate discriminatory power (c = 0.797). Demonstrates nutrient supplementation, p value of p < 0.05 was denoted for statistical significance and was calculated using Chi 2 and MannWhitney U. Data are mean ± standard error of the mean or percentage CBC complete blood count
Discussion
The major finding from this study was that bariatric surgeon follow-up with independently predictive of multivitamin use. Additionally, iron, B-12, folate, and calcium supplementation were lower at 10 vs. 2-year post-RYGB in formerly morbidly obese adults. Iron deficiency is the most common complication following RYGB and frequently leads to anemia in males and females, especially of menstruating age [16, 17] . A prospective study by Brolin et al. demonstrated oral iron supplementation post-operatively reduced the incidence of iron deficiency anemia in patients routinely monitored for this complication over 2 years [18] . However, there are no data available on patients at 10 years to understand the long-term effects of RYGB on iron deficiency. In our study, patients within 2 years of surgery had a CBC measured to screen for anemia during the previous year and nearly 82 % of people consumed iron supplements, suggesting low risk for anemia. In contrast, patients at 10 years post-RYGB surgery averaged 3 years since their last CBC and had significantly less iron supplementation. Together, our findings suggest that long-term RYGB patients may experience greater risk for anemic like complications related to chronic fatigue that can significantly affect physical daily activity. Further research is required to determine if iron supplementation and/or increased consumption of iron-rich foods overtime in post-RYGB patients can prevent iron deficiency symptoms and contribute to the preservation of weight loss.
B-vitamins and zinc are important micronutrients that contribute to energy metabolism and immune health. Folate, B12, and zinc deficiency after RYGB are a well-known phenomenon [19, 20] and collectively have been suggested to contribute to increased incidences of fatigue and neuropathy [20] . Unfortunately, the optimal supplementation regimen to prevent such conditions has not been elucidated. Nonetheless, recent work by Moore et al. highlights the significance of increased (>1000 %) folate and B12 levels on body weight parameters and laboratory indices following 3 months of supplementation post-RYGB [21] . The long-term effects of this rapid rise on micronutrient levels are unclear and require further investigation in a prospective fashion. Nonetheless, we report here for the first time at 10 years that our patients were significantly less likely to be taking folate or B12 supplementation. These findings suggest that patients 10-year following RYGB surgery may be at higher risk for B-vitamin related deficiency disorders. Although our study did not specifically capture data on neurological complications seen with vitamin B deficiencies, it is worth noting that less than 10 % of patients in each group had zinc levels examined post-operatively. Moreover, the percentage of people achieving their ideal BMI at 10 years relative to 2 years suggests that people most likely increased food intake, and this rise in nutrient intake may have offset changes in nutritional supplementation needs. Nevertheless, if our findings persist over time, then people may be at increased risk for micronutrient deficiencies due A p value of p < 0.05 was denoted for statistical significance and was calculated using Chi 2 and Mann-Whitney U. %EBMI = ((pre-op BMI -25) -(interval BMI -25))/(pre-op BMI -25). Data are mean ± standard error of the mean to anatomical changes in the gastrointestinal tract that increases the likelihood for neurological disorders.
Vitamin D deficiency is commonly reported in obese patients, especially those undergoing RYGB surgery [10] . This is clinically concerning because vitamin D deficiency has been linked to not only bone mineral loss, but also increased risk of hypertension and type 2 diabetes [22] . Moreover, alterations in calcium absorption increase risk for bone disorders during weight loss [9] . As a result, alterations in nutrient intake post-RYGB may adversely impact vitamin D and calcium related metabolic health. Several studies have examined the effect of vitamin D and calcium supplementation before and after surgery to determine the impact on bone metabolism, metabolic health and parathyroid hormone (PTH) levels [23] . Overall, the results from these studies suggest that vitamin D plays a critical role in bone metabolism, regulation of body calcium, and amelioration of hypertension after RYGB [23, 24] . In fact, Carlin et al. demonstrated that 50,000 IU of vitamin D weekly after RYGB corrects vitamin D depletion in women and attenuates cortical bone loss. [25] . In the current study, we did not observe significant differences in vitamin D supplementation at 2-or 10-year post-RYGB, likely due to the fact that vitamin D supplementation has become commonplace in the general population. However, we did find that calcium supplementation was significantly lower at 10 compared to 2 years. This finding is consistent with increased rates of bone loss following RYGB; however, we are unaware of prospective studies examining supplementation after RYGB [24] . We did not perform assessments of bone mineral density in the current study via DEXA, but our findings are consistent with Santos et al. [26] . Thus, additional work is warranted in patients to understand the effect of calcium supplementation on the preservation of bone mineral density to prevent osteoporosis and bone disorders.
There are many underlying causes for the major bariatric surgeons are more focused on the metabolic effects and complications of RYGB. At our institution, a registered dietician (RD) also sees patients during follow-up visits for further counseling on the importance of nutrient supplementation. Additionally, at our center, it is standard work for all patients to have a CBC and electrolytes checked at each follow-up appointment. A standard PCP visit lacks this multidisciplinary approach; consequently, there is likely to be less emphasis on appropriate micronutrient supplementation and targeted laboratory monitoring. Primary care physicians face many challenges in their clinic including addressing multiple chronic medical conditions, preventative screening and often several patient complaints. With the agenda already so busy during these visits, it is often difficult for primary care physicians to address all these concerns in addition to the unique challenges that face this specific population. Taken together, our results suggest it is critical to develop a standardized multidisciplinary approach to address patient's needs in order to prevent the late complications of RYGB.
There are several limitations to this study that may affect our interpretations. First, the decline in nutrient supplementation at 10 years may be the result of increased food intake. Although people at 10 years were less likely to achieve ideal BMI and increased food may over time offset needs for nutrition supplementation, it remains possible that alterations in gut physiology could promote malabsorption of various nutrients. Therefore, our findings of differences in body weight at 2-vs. 10-year post-RYGB do not negate the possibility that micronutrient deficiency. Second, our cross-sectional analysis was retrospective in nature and may limit the generalization of findings to individuals who complete follow-up visits. Nevertheless, the database we used to track patients undergoing RYGB surgery has been prospectively collected for the past 30 years and is regularly updated when patients are seen in follow-up. There have been efforts to maintain yearly follow-up beyond 2 years but due to the large referral base, the geographic distance of many patients from our medical center, the role of PCP in following these patients on a regular basis, and the cost and time of visits for the patient who feels well and in good health, achieving better follow-up in person has been challenging. Third, telephone survey follow-up may have improved the yield of clinical outcomes, but it is limited by a lack of objectivity. However, telephone follow-up has been validated in the bariatric population and provides useful information about metabolic health of individuals unable to attend onsite medical visits [27] . Fourth, nutrition assessment of macronutrients was not obtained in this study. Yet the consumption of low-carbohydrate (i.e., more protein) vs. higher carbohydrate diets has had little difference on weight loss post-bariatric surgery up to 1-year post-op [28] . As a result, it is unclear if macronutrient differences should be a nutritional focus vs. emphasis on well balanced diets to alter metabolic risk.
In conclusion, we report a critical gap in micronutrient monitoring and supplementation between 2-and 10-year following RYGB. In addition, we show here for the first time a major disparity between bariatric team and PCP follow-up that is independently associated with multivitamin use. This study represents the first 10-year nutrient reporting and highlights need to focus medical nutritional care toward life-long health of patients following RYGB. Taken together, we show that individuals undergoing RYGB may have higher risks for malnutrition screening and require increased medical nutrition attention to prevent metabolic health issues related to anemia, neuropathies, and bone disorders. Therefore, further work is required to identify optimal multidisciplinary follow-up strategies with registered dietitians, exercise physiologists, PCP and bariatric surgeons to promote life-long healthy weight management and metabolic disease prevention.
